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Abstract  
A growing interest toward the adoption of a lifecycle perspective in product design is characterizing current industrial trends. The cooperation 
of global manufacturing actors is fundamental to retrieve information from each lifecycle stage. From this background, a lifecycle based 
platform is proposed to efficiently set up feasible design configurations by including global manufacturing information. Starting from a set of 
input parameters, the idea is to collect lifecycle information in a customized XML structure in order to draw up the environmental profile. Such 
platform can also be adopted as an organized “knowledge repository” enhancing information sharing among the global manufacturing network.  
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1. Introduction 
Data sharing is worldwide considered as a crucial step 
forward, both in industry and research, as science is becoming 
more data intensive and collaborative [1]. Among the 
different fields of application, a particular focus is given to 
data sharing in the context of product design. Specifically, the 
level of competitiveness that characterises current market 
products asks for an efficient, reliable and flexible system to 
manage data. Such trend encourages corporates to collaborate 
at different levels by sharing data which try to “cover” the 
entire life cycle of a product [2][3]. Globally distributed 
manufacturing networks are characterised by the collaboration 
of different actors, which contribute with competences and 
experiences to the realisation of products. Such environment 
is of increasing importance for the sustainable 
competitiveness of companies in the global market and, 
moreover, the adaptation process is a growing challenge for 
the management [4].  
The implementation of global manufacturing and data 
sharing frameworks within the eco-design context is the 
objective of the present research work. Eco-design, defined as 
a group of actions performed at the design stage which aim at 
reducing the environmental impact of a specific product, is 
also “taking the lead” in current European and International 
policies as the environmental “factor” is gaining importance 
due to recent climate issues. The idea of this paper is to 
convey the advantages of a collaborative data system with 
eco-design techniques and methods, with the aim to obtain a 
comprehensive overview of the environmental performances 
of a product, based on realistic information. Thus, data shared 
should focus not only on the manufacturing phase, but also on 
those that occur outside the manufacturer boundaries, namely 
raw material extraction, transport, distribution, use and End of 
life (EoL). This work would try to overcome issues coming 
from the advanced and complex domain previously 
introduced, such as lack of effective sharing instruments in 
order to anticipate the introduction of environmental issues. 
The objective is twofold: i) the definition of a structure to 
include life cycle data and ii) the design of a platform which 
enable an efficient transmission of life cycle information. 
In the following section (section 2), the state of the art 
regarding data sharing and the implementation of eco-design 
techniques in product design is illustrated. In section 3, the 
platform framework and its relative characteristics are 
described. The implementation of the presented platform on a 
real case study is depicted in section 4, while conclusions and 
further steps are outlined in section 5. 
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2. State of the Art 
The transition to a sustainable development and the 
consideration of environmental issues during the design 
process requires the application of the Life Cycle Thinking 
(LCT) paradigm [5]. This can be reached by using different 
methodologies, but generally the most common and useful are 
Eco-design and Life Cycle Assessment (LCA). 
Eco-Design applies at every stage in a product’s life: raw 
material extraction, production, packaging, distribution, use, 
recovery, recycling, incineration, etc. [6]. It is considered as 
an intervention tool as it takes action during the design phase. 
Many tools supporting Eco-Design can be found in literature 
and different classifications have been proposed [7][8]. The 
most general one includes those tools that embrace a LCT 
approach, guidelines and diagrams [9], matrix based 
approaches [10] and checklists [11]. 
LCA [12], instead, is an analytical tool that serves to 
evaluate Eco-Design concepts. In other words, LCA examines 
consumption of resources materials, energy, water, land, 
emissions (to air, water and soil) and waste production at 
every stage of a product’s lifecycle, and quantifies the related 
environmental impacts. The scientific community is largely 
populated with LCA applications as design supporting tool, in 
particular in the context of large companies [13]. 
The LCT approach is essential to avoid burdens shift, as it 
addresses the problem from a 360 degrees perspective. The 
major limit concerns the need of large amount of data, which 
come from inside and outside the company boundaries. Due 
to the unavailability of primary data coming from the Global 
Production Network (GPN), usually only internal data about 
materials and processes are considered. In addition, literature 
or referential data from standardized databases are used in 
order to reduce the complexity of the analyses and the 
required time and effort. Due to these simplifications the 
reliability of estimations is largely affected. 
In scientific literature several research works focus on the 
different aspects of the GPN. Tchoffa et al. [14] presented an 
approach to combine model-based enterprise platform 
engineering, model-driven architecture and system 
engineering in order to address the establishment of a 
sustainable interoperability within dynamic manufacturing 
networks. Palmer et al. [15] presented a reference ontology to 
accelerate the development of new product-service systems 
considering all the information exchanged between the actors 
of the GPN. Schuh et al. [16] developed a software tool based 
on operation research optimization methods and genetic 
algorithms to design and evaluate production networks. 
Ferdows et al. [17] focused on the delayering of production 
networks into a set of congruent subnetworks with the aim to 
discover anomalies in the allocation of products, in the level 
of resources and in the location of productive plants.  
Environmental and social sustainability of manufacturing 
networks is becoming an important research topic in the 
scientific community. Most of the literature studies focus on 
the correlation between operation and management of GPN 
and sustainability issues [18]. Borsato [19], instead, 
investigated how to overcome the interoperability issues 
between engineering and business applications and facilitate 
the use of lifecycle data. He proposed a reference ontology to 
enhance the data sharing and reuse. Despite the great number 
of studies about GPN, none is oriented to consider the 
influence of the manufacturing network during the design 
process, making available product lifecycle information.  
Supply Chain Management (SCM) is another widely used 
approach to manage materials and information flows and 
increase the collaboration between supply chain stakeholders 
[20]. Over the last decade, the sustainability concept applied 
to SCM has received considerable attention in literature [21]. 
Sustainable Supply Chain Management (SSCM) is an 
extension of the traditional concept of SCM, where the aim is 
to maximize the value creation, adding environmental and 
ethical aspects [22]. In the context of SCM, the collaboration 
between stakeholders is recognized as an essential point to 
improve the overall sustainability performances of the entire 
network [23]. SCM is an operation management approach, 
very useful to select the most appropriate partners to involve 
in the GPN. However, it cannot be used during the product 
design to support the decision-making process.   
From this literature review a lack of eco-design approaches 
and tools able to consider the entire GPN with the relative 
data emerged. The proposed global manufacturing platform 
aims to involve supply chain actors, together with EoL dealers 
in order to collect data on a lifecycle base. A high level of 
data sharing is considered as an important milestone to set a 
solid framework that contains structured data coming from 
different actors and describing each product lifecycle stage. 
The final objective is to implement a LCT approach, adding 
information without introducing extra effort for designers.  
3. Global Manufacturing Network Platform 
In this section the framework, overall structure and 
dataflow of the proposed platform are described in details. At 
last, an example of the expected workflow is given. 
3.1. Platform architecture  
In the most generic scenario, the company which trades a 
specific product is inserted into a virtual network where 
suppliers, distributors, EoL traders and transport facilities are 
included as well. The platform is design-oriented, therefore it 
is customised to deal with users which are familiar with 
design environment. However, in order to obtain more 
realistic results, data flows from complementary departments 
such as marketing, have to be included since their 
contribution has a strong influence at decision level. The 
context of use refers to a particular stage of the design 
process, commonly denominated “Embodiment design” [24]. 
At this stage, the design team has already defined the 
geometry of the assemblies and their components in 
accordance with the required functions. Technical drawings 
are available, however materials, manufacturing processes 
and further operations still need to be defined. 
In addition a re-design scenario is also suitable since all the 
geometric and functional information are already available. In 
order to clarify the introduced concept, Fig. 1 illustrates the 
platform architecture on a detailed scale. 
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Fig. 1. Platform architecture. 
From Fig. 1 it is possible to understand which are all the 
different user profiles involved in the platform. The dashed 
rectangle separate the “visible” area (outside) from the non 
“visible” area (inside). Starting from the left hand side it is 
possible to identify three different types of users: the designer, 
the internal user and the external user.  
The designer is set as the “reference” user, meaning that 
outputs aim at supporting its activities in defying the best 
product configuration in term of life cycle choices (e.g. 
materials, manufacturing process, EoL treatments).  
The internal user represents a generic employer of the 
reference company which is somehow related to the product. 
As previously introduced, it is necessary to involve employers 
which are not directly related to the design stage since they 
might have considerable decision role. Thus, the internal user 
would update information related to in-house processes and 
capabilities, and internal strategies as well as “rules” 
reflecting the company strategy.  
The external user represents a generic employer of an 
external company which collaborates with the reference one. 
Such company carries out one or more activities which are 
related to the product life cycle (e.g. raw material supply, 
transport and distribution). In order to obtain results, it is 
necessary that each user provide its own data. 
The core of the platform is the XML (eXtensible Markup 
Language) model which would “physically” carry information 
along the various stages of the framework. Such model is 
followed by the dataset mapping where life cycle information 
are coupled with LCI datasets. More details on these aspects 
will be delineated in further sections. 
Data related to the environmental performance, namely 
Life Cycle Inventory (LCI) and impact assessment methods 
are stored in separate databases and interact with the rest of 
the platform in a separate context. 
3.2. Data flow  
As represented in Fig. 1, the main data categories needed 
for the platform functioning and for the design solutions 
assessment are essentially six. The following Table 1 includes 
the details of the data included in each category as well as the 
sources from which these data can come.   
Table 1. Data treated by the platform. 
Category Data description Source 
Material Materials with reference parameters (Young 
modulus, density, aesthetic characteristics, 
etc.) 
Literature 
Suppliers 
Manufacturing Processes with reference parameters (energy 
consumption, machinable materials, etc.) 
Literature 
Internal  
Suppliers 
Transport Locations of Suppliers 
Locations of productive sites 
Internal 
Suppliers 
Distribution Locations of distributors 
Locations of final users 
Logistic network 
Internal 
Distributors 
Use Use profiles for energy using products 
(energy consumed in the lifetime, number of 
working hours, etc.) 
Maintenance items (components to 
substitute during the lifetime, etc.) 
Literature 
Internal 
Users 
EoL Locations of EoL stakeholders 
EoL scenarios 
Literature 
Internal 
 
Material is the most important category, because it 
includes the items (i.e. all the available materials) that, at first, 
can be filtered on the basis of the design parameters, specified 
by designers. Data about this category can be directly 
retrieved by the company from literature or can be 
extrapolated from material data sheets provided by suppliers. 
Manufacturing category is strictly correlated to Material 
category, since each material can be processed by a prefixed 
set of manufacturing processes. The applicability of a 
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manufacturing process is also influenced by the design 
parameters chosen by designers (e.g. aesthetics, surface 
finishing). All these “relations” are stored in a Rules database 
used by the platform to define the feasible solutions. Data 
about manufacturing can be internal, if the process is realized 
internally, provided by suppliers, if the process is realized by 
a partner company, or can be retrieved from literature, in the 
case that more precise data are not available. 
Transport and Distribution categories basically include 
logistic data about productive sites, suppliers and 
distributors/retailers. These data are used to automatically 
calculate the needed transport route with the relative 
parameters (e.g. means of transport, distances). 
Use category is relevant only in case of products that 
during their useful life consume resources or need ordinary or 
extraordinary maintenance. Data can come from final users 
(e.g. market survey) or can be estimated on the basis of 
internal or literature information. For example, in the case of 
household appliances the energy consumption is an internal 
data, while the use profiles can be set on the basis of 
normative (i.e. European EuP directive) or market surveys. 
Finally, EoL category include all the information to assess 
the End of Life phase of components. If the company is 
directly involved in the EoL of their products (e.g. 
remanufacturing) these data are internal. However, generally 
these kinds of data are retrieved from literature and default 
options are set to facilitate the work of designers. 
3.3. Product lifecycle model  
The collection of lifecycle data and their sharing between 
the different platform modules is guaranteed by a specific 
product lifecycle model defined using the XML meta-
language. This kind of representation has been chosen to have 
a customizable and scalable structure, and thus adaptable to 
each specific case (e.g. in-house manufactured components, 
commercial components, energy using components). 
The XML structure is based on a model previously 
proposed by the same authors to easily transfer data from 
CAD tools to LCA analysts [25]. It allows to represent the 
entire lifecycle of a component or product, including the 
needed data to perform the final impact assessment (LCIA).  
In Fig. 2 an example of this XML structure for an electric 
motor is given. The XML structure include the six data 
categories described in the previous section. In particular the 
example is relative to an electric motor made by steel (for the 
stator and rotor frame) and by copper (for the windings). 
Regarding the use phase, instead, this lifecycle model 
includes a consumption of electric energy (Italian mix) with a 
use profile composed by two different working points (i.e. 
two different speeds of the motor) with different power 
absorptions, efficiencies and durations. 
Such XML structure is dedicated to model all the lifecycle 
stages of a single component. By grouping together more than 
one component it is possible to create a tree based product 
structure. In this case some additional parameters and fields 
(e.g. assembly father, children) have to be included. In any 
case. the basic XML structure still remains valid for the 
representation of a product with all its components. 
 
Fig. 2. Example of a XML product lifecycle model for a component. 
3.4. Platform workflow 
The platform architecture illustrated in Fig. 1 leads to a 
relatively straightforward workflow. The logic behind aims at 
minimizing the effort spent by the designer by simplifying 
and reducing to the minimum the interaction between him and 
the platform. The same principle is applied to the other users.  
Prior to any procedure, it is of fundamental importance that 
either internal or external users populate their respective 
databases in order to provide data for further calculations. 
Moreover, the dataset mapping procedure must be set and 
continuously updated with both the company and the external 
database. The mapping phase is crucial as the environmental 
performance is strictly related to the LCI inventory. 
An illustration of the foreseen procedure is explained as 
following. 
STEP 1. The designer inserts design parameters through 
the dedicated interface. Such parameters include material 
requirements, performances, aesthetic characteristics, physical 
and chemical behaviour, etc.. The designer is supposed to be 
aware of such information as those variables should be 
already set at this stage of the design process. 
STEP 2. Data inserted by the designer are collected and 
stored on a specific module (inputs module), whose task is to 
pick up specific data from the databases, and send them to the 
XML module which would further host the LCI inventory for 
all the different possible solutions. 
STEP 3. From the inputs module, the extrapolated data are 
stored into the XML file. At this point more than one XML 
file are expected to be created as they represent the different 
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design options. The number of XML indicates all the possible 
component/product lifecycle configurations available 
according to data inserted either by the reference company 
and the external companies belonging to the GPN. 
STEP 4. Once the XML is completed, the LCI model is 
created. In order to accomplish this action, a previous 
mapping procedure, which aims to univocally match each data 
in the internal and external database to a dataset included in 
the LCI inventory, has to be carried out. 
STEP 5. The next step consists in assessing the 
environmental impact of the component under analysis. This 
phase needs the adoption of a LCIA method which would 
provide impact categories and relative characterization, 
normalization and weighting factors. The choice of the LCIA 
method could be either set by the user or given as standard. 
STEP 6. At this point the environmental assessment could 
be carried out. Results would be shown, with different levels 
of details, as output of the whole calculations. They would 
rank different configurations (XML models) according to 
their environmental performances. 
4. Preliminary platform implementation 
Despite the platform is still at its concept stage, a 
representative case study is presented in this section. The 
implementation example refers to a re-design scenario, where 
the platform is used to improve an already commercialised 
product. More in detail, thanks to a deep collaboration with a 
local cooker hood manufacturer, it has been possible to apply 
the workflow previously described to a commercial product, 
namely a cooker hood. As previously mentioned, the method 
proposed is conceptually referred to single material 
components, excluding standard parts and subassemblies. In 
order to increase the robustness of the case study two 
components  with different functions have been chosen: the 
external case and the easy cube (Fig. 3).  
 
 
Fig. 3. External case (left) and Easy cube (right) sub-assemblies. 
The external case main function is to cover and protect the 
inner parts such as the conveyor, the motor and the electronic 
boards. Moreover it has an aesthetic role since it is the most 
visible component, thus it should make the product attractive. 
The easy cube instead, is a specific component which connect 
the cooker hood to the wall. In practice it physically supports 
the whole product. In this case no aesthetic properties are 
required as the easy cube is not visible from outside. In the 
following Table 2 an example of possible inputs from the 
designer for both components is illustrated.  
Table 2. Input design parameters for the External case and the Easy cube. 
Material property 
External 
case 
Easy cube 
Density < 4 g/cm3 < 6 g/cm3 
Ultimate tensile strength > 10 MPa > 220 MPa 
Young Modulus < 200 GPa < 200 GPa 
Aesthetics ≥ 4 ≥ 1 
Corrosion resistance to air, water and 
chemicals 
≥ 4 ≥ 4 
Fire resistance ≥ 5 ≥ 5 
 
From Table 2, it is possible to understand that some 
properties are easily quantifiable according to specific units of 
measure (e.g. Density, Ultimate tensile strength, Young 
Modulus), while some other ones are qualitative. However, in 
order to be included in the platform databases, all the 
variables must be represented by a definite quantity. For this 
reason, such properties have been translated into a Likert 
scale with an appropriate description attached. For instance, 
excellent aesthetic properties might be defined by 5 while an 
absent aesthetic quality would be represented by 1. 
From inputs given in Table 2, a set of possible solutions 
embracing all aspects of the component lifecycle is created. 
Ideally, such step should be carried out automatically and by 
using an XML structure. In this case, it has been “manually” 
performed since the platform has not been developed yet. The 
mapping process has been carried out by the authors by 
matching entities in the various databases with datasets from 
the GaBi® Professional database (DB version 6.115). 
The selected LCIs have been calculated with a specific 
LCIA method which return a single score: the ReCiPe 
(Hierarchical approach) [26]. The idea is to give the designer 
a unique number instead of a set of impact category indicators 
in order to avoid misunderstanding and confusion. Results 
from the case study are presented in the following Table 3. 
Table 3. Single score (ReCiPe) environmental results for both solutions. Best 
solutions (Green) and worst solutions (red) are indicated as well. 
Potential solutions ReCiPe (H) score [Pt] 
External case 
Aluminum Alloy 5XXX 0.65 
Flat glass 0.77 
Galvanized steel 1.71 
HDPE 1.19 
PVC (Italy) 1.19 
PVC (China) 1.53 
Stainless steel 410 (current solution) 5.07 
Easy cube sub-assembly 
Aluminum Alloy 6XXX 0.23 
Polycarbonate (20% glass filled) 0.34 
Galvanized steel (current solution) 0.61 
 
Results are ranked from the best to the worst performing 
solutions, in terms of life cycle environmental impact. In both 
case studies, the current solution is indicated and represents 
the worst scenario. In both cases, Aluminium presents the 
most environmental friendly solution from a life cycle 
perspective. The current solution (steel) demonstrates to be 
impactful toward the environment. Such high impacts might 
be originated from the stainless treatment, as well as the 
galvanization treatment which lead either to a large 
consumption of energy and resources. 
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Numeric outcomes demonstrates that the use of the 
platform lead to a consistent reduction of environmental 
impacts. Whereas in the first case study (External case) a 
larger choice is available due to less stringent requirements, 
the second case study present a shorter list. It is important to 
remember that differences target not only materials and 
manufacturing processes but also other phases such as 
transport or distribution which are probably influenced by 
marketing or political reasons. I 
5. Conclusions 
This paper presents a lifecycle design platform to configure 
feasible solutions of products/components. The idea beyond is 
to create a collaborative environment, including stakeholders 
from the GPN (e.g. suppliers, distributors, dismantlers), in 
order to collect and share data about each life cycle stage to 
be used during the design or re-design of products.  
On the basis of designers inputs about component 
requirements, the platform is able to automatically configure 
design solutions. Each alternative configuration is modelled 
through an XML-based file, representing an extended 
component model, which include lifecycle data needed to 
create a LCI and successively to perform the LCIA phase.  
By the use of this platform designers are guided during the 
eco-design process and can easily compare different solutions, 
by using data of each life cycle stage. Results obtained in the 
implementation within a cooker hood manufacturing company 
confirms that the proposed platform is able to provide 
potential feasible design alternatives, with the aim to improve 
the overall product/component sustainability performances. 
Future work will be focused on the implementation of the 
conceptual platform, with the development of all the needed 
software applications and interfaces. This will allow to deeply 
experiment the platform in more detailed and complex case 
studies in order to better identify potentialities and drawbacks 
(e.g. availability of data) of the proposed framework. 
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